The sfa I determinant encoding the S-fimbrial adhesin of uropathogenic Escherichia coli strains was found to be located on a pathogenicity island of uropathogenic E. coli strain 536. This pathogenicity island, designated PAI III 536 , is located at 5.6 min of the E. coli chromosome and covers a region of at least 37 kb between the tRNA locus thrW and yagU. As far as it has been determined, PAI III 536 also contains genes which code for components of a putative enterochelin siderophore system of E. coli and Salmonella spp. as well as for colicin V immunity. Several intact or nonfunctional mobility genes of bacteriophages and insertion sequence elements such as transposases and integrases are present on PAI III 536 . The presence of known PAI III 536 sequences has been investigated in several wild-type E. coli isolates. The results demonstrate that the determinants of the members of the S-family of fimbrial adhesins may be located on a common pathogenicity island which, in E. coli strain 536, replaces a 40-kb DNA region which represents an E. coli K-12-specific genomic island.
Extraintestinal Escherichia coli strains can be grouped into three different pathotypes: meningitis E. coli (MENEC) strains, which cause newborn meningitis; septicemia E. coli (SEPEC) strains, which cause septicemia infections; and uropathogenic E. coli (UPEC) strains, which are the most frequently isolated causative agents of infections of the bladder and the kidney in humans (45, 57) . They are characterized by the expression of certain virulence factors, including adhesins, which contribute to the establishment of the infection and distinguish them from nonpathogenic E. coli strains (39) . Members of the S-fimbrial family of adhesins are frequently expressed in extraintestinal E. coli strains isolated from men. This adhesion family consists of S-fimbriae (Sfa), with its subtypes SfaI and SfaII; F1C-fimbriae (Foc); and S/F1C-related fimbriae (Sfr) (25, 46) . The AC/I-fimbriae (Fac) which are expressed by avian-pathogenic E. coli strains also belong to the S-family of adhesins (5, 6) . All members are highly similar in the organization of their determinants and the sequence identities of the encoded proteins (45) (46) (47) 54) . However, they differ in their receptor and therefore in their tissue specificity. Sfimbrial adhesins recognize ␣-sialyl-2-3-␤-lactose-containing receptors and are predominantly expressed by strains which cause sepsis and meningitis but also by urinary tract infection (UTI) isolates (32, 33) , whereas F1C-fimbrial adhesins bind to ␤-GalNac-1,4-␤-Gal-containing structures (30) and are preferentially expressed by UTI isolates.
The uropathogenic E. coli strain 536 (O6:K15:H31) has previously been shown to produce various types of fimbrial adhesins, including type 1, P-related, and S-fimbriae (26) . The presence of four pathogenicity islands (PAIs I 536 to IV 536 ) has been described for E. coli strain 536 so far. All four PAIs have common characteristics which are typical of pathogenicity islands, i.e., association with a tRNA gene and the presence of often nonfunctional mobility genes (24) . Earlier findings implied that the sfa I determinant is part of a pathogenicity island of strain 536 designated PAI III 536 (23) . Whereas the genetic organization of PAI I 536 , PAI II 536 , and PAI IV 536 has already been published, little information is currently available about the structure of PAI III 536 . Therefore, one aim of this study was the structural characterization of pathogenicity island III 536 . In order to improve our knowledge of the evolution and distribution of the members of the S-family of adhesins as a part of pathogenicity islands in E. coli, the chromosomal localization as well as the sequence context of operons coding for members of this adhesin family were investigated in different E. coli strains and compared with that of the PAI III 536 -located sfa I determinant of UPEC strain 536.
enteroinvasive E. coli (EIEC) strain 76-5, and the EAEC 5477/94, as well as the enterotoxigenic (ETEC) strain C9221a (O6:K15:H16) and the reference strain (O149:K88), have been described before (40) . The following strains were isolated during a long-term study of women with chronic UTIs: 13A1, 19A1, 16A2U,  20A1, 20A1U, 22A2, 22B2U, 3D5, 2E1U, 2E2U, 1G1, 1G1U, 1H1, and 1H1U . The E. coli K-12 strains MG1655, K-12, W3110, P678-54, 5K, C600, and XL-1 Blue have been described before (7, 15) . All strains were grown in Luria-Bertani medium (53) .
DNA techniques. Isolation of plasmid DNA and recombinant DNA was performed as previously published (53) .
PCR. A description of the primers used in this study is available as supplementary material (http://www.uni-wuerzburg.de/infektionsbiologie). The differentiation between subtypes of the S-fimbrial family of adhesins was performed by PCR using primers which are specific for the individual major fimbrial subunits. The sfa I -specific PCR product (161 bp) was obtained with the primers sfaAI.1 (5Ј-CGGGCATGCATCAATTATCTTTG-3Ј) and sfaAI.2 (5Ј-TGTGTAGATG CAGTCACTCCG-3Ј) using chromosomal DNA from E. coli 536 as a positive control. Detection of the sfa II determinant using primer pair sfaAII.1 (5Ј-ACG AAAAAGTTAGCTAATCTTGAT-3Ј) and sfaAII.2 (5Ј-TATACTGCGCTTTG ATCCGAATT-3Ј) and chromosomal DNA of E. coli strain IHE3034 as a positive control resulted in a 251-bp PCR product. PCR with the primer pair focA.1 (5Ј-ATGGAGGAAACCCAAACGCCA-3Ј) and focA.2 (5Ј-GCTCACTGTAA CCAACTTTTGTTG-3Ј) and chromosomal DNA of E. coli strain 2980 as a reference strain should result in a 274-bp PCR product. The sfr determinant can be detected using primer pair sfrA.1 (5Ј-CTAAAAGCCGACGGGGATAAAA GTGCTGCT-3Ј) and sfrA.2 (5Ј-ATAGCTAGCTGTTGGAGTATTTCCGTCG AAC-3Ј) and chromosomal DNA of strain BK658 as a control. The corresponding PCR product should be 241 bp long. DNA primers were purchased from MWG Biotech (Ebersberg, Germany). The Taq DNA polymerase used for the detection of genes in different E. coli strains was purchased from Qiagen (Hilden, Germany).
DNA sequencing and sequence analysis. The sequence determination of the cosmid clones pANN1E6 and parts of pCos3grl3, which contain parts of PAI III 536 of E. coli strain 536, was performed as follows. One small insert library (2 to 2.5 kb) was generated by mechanical shearing of the cosmid DNA (44) . After end repair with T4 polymerase, the fragments were ligated into the prepared pTZ19R vector. Isolated plasmids were sequenced from both ends using dye terminator chemistry and analyzed on ABI377 machines (Applied Biosystems, Munich, Germany). In the case of pANN1E6, after the assembly of 495 sequences, the remaining gaps were closed by primer walking on the plasmid clones. The Phrap software implemented in the Staden software package was used for assembly and editing of the sequence data (56) . The sequence of the PAI III 536 fragment present on the cosmid 1E6 was submitted to the NCBI database.
Homology searches were performed with the BLASTN and BLASTX programs of the National Center for Biotechnology Information (3).
Southern hybridization. PCR results during the analysis of the chromosomal region downstream of thrW in different E. coli isolates were confirmed by Southern hybridization of EcoRI-digested chromosomal DNA of the investigated E. coli strains. After agarose gel electrophoresis, the EcoRI-digested E. coli genomic DNA was transferred to Biodyne B nylon membranes (PALL, Rossdorf, Germany). The PCR products of PCRs 19 to 46 (see also Fig. 1B ) performed with chromosomal DNA of E. coli strain MG1655 as the template were used as probes for hybridization. Hybridization and detection were carried out using the ECL labeling and signal detection system (Amersham/Pharmacia Biotech, Freiburg, Germany) according to the manufacturer's recommendations.
RESULTS
Sequence analysis of left part of PAI III 536 . The cosmid clone pANN1E6 was shown to contain the entire S-fimbrial determinant (sfa I ) together with the flanking regions of UPEC strain 536. The sequence determination of the 38-kb DNA insert revealed that about 33 kb of this DNA fragment represented a part of a pathogenicity island which was designated PAI III 536 previously (24) . The right end of the cosmid insert of pANN1E6 and the left end of that of pCos3grl3 contain an overlapping region of about 4 kb covering a part of the iro determinant. The assembly of the sequences inserted into pANN1E6 and of the available sequences of pCos3grl3 resulted in a 37-kb DNA sequence which covers the left-hand part of PAI III 536 (accession no. AF302690). It is estimated that the complete PAI III 536 is about 70 kb in size. As can be seen from the sequence analysis, PAI III 536 exhibits several features which are typical of pathogenicity islands. In addition to the sfa I determinant encoding the S-fimbrial adhesin, this fragment comprises the tRNA gene thrW, which serves as the chromosomal integration site of PAI III 536 , several genes of mobile genetic elements such as bacteriophage genes and insertion sequence (IS) elements, as well as unknown open reading frames (Fig. 1A, Table 1 ). One typical characteristic of pathogenicity islands is the presence of a bacteriophage integrase gene downstream of the tRNA gene which serves as the chromosomal integration site of the PAI.
In PAI III 536 , the tRNA gene thrW is followed by an integrase and excisionase gene of the O-antigen-modifying bacteriophage X of Shigella flexneri. PAI III 536 contains a 5-kb DNA region without sequence homology to known DNA sequences which is flanked by an IS100 element frequently found on Yersinia pestis plasmids and a nonfunctional IS3 element found on the SHI-2 pathogenicity island of S. flexneri. Five suppression subtractive hybridization (SSH) fragments (TspE4.K8, SauE15.C6, TspE4.B12, SauE15.G6, and SauE15.D4) obtained from a newborn meningitis (NBM)-causing E. coli isolate described by Bingen and coworkers (14) are homologous to this IS100-specific region. Two putative open reading frames, designated ORF 1 and ORF 2, can be determined in this region, which may represent so far unknown genes encoding a protein with homology to a hypothetical protein of Thermotoga maritima or a putative pifA gene product of E. coli and to a protein with homology to the 3-deoxy-D-arabinoheptulosonate-7-phosphate synthase (DAHP-synthase) of Erwinia herbicola, respectively. The fact that ORF 2 is preceded by a 150-bp DNA region that codes for a fragment similar to the transposase of the Erwinia amylovora-associated transposon Tn5393 implies that ORF 2 is a part of a former mobile genetic element. The IS3 element is followed by a 1.6-kb region which contains a fragment of the mhcE gene of E. coli strain H47, which encodes a component of the microcin H47 ABC transporter (4). About 1 kb of this DNA sequence is also homologous to an open reading frame which represents a truncated copy of the cvaB gene of plasmid pColV-K30, encoding a colicin V secretion protein. Another DNA region without any nucleotide sequence homology covers roughly 1.4 kb downstream of the cvaB fragment. This region seems to be linked with the cvaB gene, as it contains two small putative ORFs which code for peptides with homology to a microcin V immunity protein and the colicin V precursor, respectively. The gene product of another putative open reading frame (ORF 5) without any homology to known DNA sequences in this region exhibits similarity to a hypothetical protein of Serratia marcescens. This ORF is followed by a 2-kb DNA stretch containing ORFs 6 and 7. This part of PAI III 536 is homologous to sequences found in the enterohemorrhagic E. coli O157:H7 strain EDL933 in which the putative open reading frames Z1633 and Z1634 are located (50) . Due to an internal stop codon, the putative gene product of Z1634 is 21 amino acids shorter in E. coli 536 than in strain EDL933. The 5Ј part of the next ORF (ORF 8) is identical to that of E. coli O157:H7 ORF Z1635, but the promoter-distal region shows no homology to known nucleotide sequences. The SSH fragment TspE4.H10 isolated from an NBM E. coli isolate (14) represents a DNA stretch homologous to a part of sfaC.
The sfa I determinant coding for the S-fimbrial adhesin is followed by a 9.3-kb DNA region which represents the E. coli homologue of the iroBCDEN operon of Salmonella spp. The iroN gene encoding a catecholate siderophore receptor is followed by four putative ORFs with high homology to the iroED of Salmonella enterica and iroBC of Salmonella enterica serovar Typhi The function of the irroE gene product is yet unknown. The gene products of iroD and iroC are homologues of a ferric enterochelin esterase of S. enterica and an ABC transport protein of serovar Typhi, respectively. The iroB-encoded protein is highly homologous to glucosyltransferases. The iroNE genes and an iroD fragment have recently been identified in another uropathogenic E. coli strain, CP9 (O4:K54:H5), closely linked to DNA sequences with homology to determinants of members of the S-adhesin family (52) . One SSH fragment (TspE4.A8) obtained from an NMB-causing E. coli strain (14) is homologous to a region within iroN. The iro determinant is followed by an ORF which represents the second half of a gene encoding a hypothetical protein of 50.4 kDa in IS4.
Identification of right junction site of PAI III 536 . The right junction site of PAI III 536 was determined by inverse PCR after ligation of EcoRV fragments of chromosomal DNA of E. coli strain 536, which contain the upstream region of yagU encoding a hypothetical protein. The sequence determination of the obtained DNA fragment (Fig. 2) revealed that 109 bp upstream of yagU, the E. coli MG1655-specific sequence representing the E. coli core chromosome is interrupted by sequences with homology to fragments of integrase genes of the S. flexneri bacteriophages SfII (AF021347) and SfV (SFU82619) as well as of the E. coli bacteriophage P22 (AF217253). This region is followed by DNA sequences with homology to fragments of the insB and insA genes of the Iso-IS1 element present in Shigella dysenteriae (AF153317) and the EPEC plasmid pB171 (AB024946). These results demonstrate that PAI III 536 is flanked by sequences derived from Shigella bacteriophages, which integrate into highly homologous attP sites next to the tRNA gene thrW.
Identification of different members of S-family of adhesins by PCR. In order to be able to distinguish between the determinants that encode different subtypes of S-fimbriae (sfa I and sfa II ), F1C-fimbriae (foc), and S-fimbria-related fimbriae (sfr), PCRs were established with primer pairs which are specific for sfaA I , sfaA II , focA, and sfrA. These primers can be used for specific amplification of the major subunit-encoding gene of the abovementioned members of the S-family of adhesins. E. coli strains 536, IHE3034, 2980, and BK658 were used as positive controls during the sfaA I -, sfaA II -, focA-, and sfrA-specific PCRs, respectively. According to the results of the PCRs, the strains used in this study were grouped as indicated in Table 2 . Of the 66 E. coli strains expressing members of the S-family of adhesins (including strain 536), 13 strains were shown to be sfa I positive. In 12 E. coli strains, the sfa II determinant was detectable. E. coli strain AC/1 harbors the fac determinant, and 34 strains in this study contain the foc operon. With primers specific for conserved regions of the sfa I determinant, the presence of corresponding sequences was detectable in six E. coli strains. However, further identification using primer pairs specific for sfaA I , sfaA II , or focA was not possible. It has been reported that strain BK658 expresses an S-fimbria-related adhesin (Sfr) which is related but not identical to S-and F1C-fimbriae (49) . In strains BK658 and 19A1, the sfrA-specific PCR was positive. The fimbrial determinants of the other four strains which could not be identified as sfa I , sfa II , foc, or sfr have been designated sfx, as they also seem to encode an unknown subtype of S-fimbrial adhesin. The corresponding strains do not agglutinate bovine erythrocytes but contain se- quences homologous to sfa and foc which are detectable by Southern hybridization. Analysis of presence of PAI III 536 -like genetic elements in E. coli strains expressing members of S-family of fimbrial adhesins. Based on the DNA sequence representing the lefthand part of PAI III 536 , we selected DNA-primer combinations in order to detect the known PAI III 536 fragment in 112 different E. coli strains, including many extraintestinal isolates which are known to frequently express fimbrial adhesins belonging to the S-family of E. coli adhesins. In 35 extraintestinal and fecal strains as well as in several isolates of different intestinal E. coli pathotypes, no PAI III 536 -specific sequences were detectable. Among them, the presence of the iro determinant without PAI III 536 -specific sequence context was demonstrated in 11 extraintestinal and fecal strains. As shown in Table 2 , the entire E. coli 536-specific PAI III 536 fragment was not detectable by PCR in 65 E. coli strains containing genes which encode S-family fimbrial adhesins. Interestingly, in eight E. coli strains harboring the sfa I determinant, almost the entire left-hand part of PAI III 536 (covered by PCRs 3 to 18) was detectable. With primers generated from conserved regions of the E. coli 536-specific sfa I gene cluster (region 4), the different S-fimbria determinants, including fac of the avian-pathogenic strain AC/I, were completely detectable in all S-fimbria-positive E. coli strains used in this study. In all cases, the different determinants coding for members of the S-adhesin family are associated with the 3Ј-flanking region (region 5, iro gene cluster) of the E. coli 536-specific sfa I determinant ( Fig. 1 and Table 2 ). Some differences can be detected with respect to the 3Ј region of the iro determinant and the following sequence context (PCR 18). It is very likely that these differences are mainly due to the presence of additional IS4-related sequences located downstream of iro which are absent in E. coli strain 536. With the exception of the sfa II -positive E. coli strains, the 5Ј-flanking region 3 (E. coli O157:H7-related sequences) of the sfaI 536 determinant was also detectable upstream of the corresponding determinants of all strains expressing an adhesin of the S-adhesin family ( Fig. 1 and Table 2 ). Sequence determination of the upstream region of the E. coli J96 foc determinant confirmed these findings, as the obtained sequences were identical with 750 bp of the upstream region of the PAI III 536 -located sfa I operon (data not shown). Other parts of PAI III 536 (regions 1 to 3) could not be amplified by PCR in E. coli isolates harboring other subtypes of S-fimbrial adhesin determinants (Fig. 1, Table 2 ). However, the IS3 transposase gene embedded in a PAI III 536 -specific sequence context (PCR 5) could be amplified in most of the S-fimbria-positive strains tested. These results demonstrate that the different determinants of the S-fimbrial adhesin family are located within a common DNA region. They are associated with the iro gene cluster and, except for the sfa II determinant, with sequences found within the genome of E. coli strain EDL933. This com- II 12
a ϩϩ, PAI III 536 -specific region detectable in 100% of E. coli strains expressing a certain type of S-adhesin; ϩ, PAI III 536 -specific region detectable in less than 100% of the E. coli strains expressing a certain type of S-adhesin; Ϫ, PAI III 536 -specific region not detectable in E. coli strains expressing a certain type of S-adhesin. mon sequence context may be part of a widespread pathogenicity island or may represent a part of a commonly transferable genetic element. The iro determinant was only detectable in extraintestinal and fecal E. coli isolates. In all E. coli isolates used in this study which represent different E. coli intestinal pathotypes, no PAI III 536 -specific sequences were detectable.
Analysis of thrW downstream region in different E. coli strains: identification of E. coli K-12-specific genomic island. The PCR-based analysis of the thrW downstream region, covering the chromosomal region between yafW and yagU of E. coli strain MG1655 (Fig. 1B) , revealed that this strain-specific DNA sequence is not present in this form in the following eight pathogenic E. coli isolates: 536 (UPEC), J96 (UPEC),
IHE3034 (MENEC), C9221a (ETEC), E2348/69 (EPEC), EDL1284 (EIEC), DPA065 (EAEC), and EDL933 (EHEC).
Although not every ORF or gene in this region has been analyzed by PCR (PCRs 19 to 46; see Fig. 1B ), our results imply that this ϳ40-kb fragment is almost completely missing in the different E. coli strains tested. ORFs located in regions A, B, and C as well as that amplified by PCR 40 are absent in all eight strains (Fig. 1B) . ORFs ykfC (PCR 28), yagI (PCR 34), and yagM (PCR 39) as well as yagP, yagR, and yagT (PCRs 41 to 43) are present in some of these pathogenic E. coli strains. With the exception of the EIEC strain EDL1284, the ORFs yagU, ykgJ, and yagV (PCRs 44 to 46) are present in all other pathogenic isolates (Fig. 1B) . The PCR results have been confirmed by Southern blot analysis, underlining that, with a few exceptions, the ORFs investigated are absent in the eight pathogenic E. coli isolates used in this study.
In order to find out whether the DNA region between thrW and yagU is specific for E. coli K-12 strains, we expanded our study and screened several E. coli K-12 strains, several strains representing different E. coli pathotypes, and members of every subgroup of the ECOR strain collection for the presence of five representative ORFs which are located in the DNA region between thrW and yagV. The results presented in Table 3 clearly demonstrate that in contrast to the analyzed E. coli K-12 strains, the ORFs located between thrW and yagU were not detectable in the different E. coli isolates and ECOR strains studied. On the basis of the PCR results presented in Table 3 , it can be concluded that the DNA fragment covering a region of ϳ40 kb downstream of the tRNA gene thrW in E. coli MG1655 represents in this form a genomic island specific for E. coli K-12 strains and is absent in all E. coli isolates investigated in this study.
DISCUSSION
Fimbrial adhesins of the S-adhesin family are virulence factors frequently produced by most extraintestinal E. coli isolates that cause a variety of clinical symptoms in mammals and poultry. Although the genetic organization of their determinants and the sequences of many of their encoded gene products are highly homologous, their receptor specificities vary, thus changing the host and tissue specificity. Therefore, from an evolutionary point of view, the operons coding for the members of the S-adhesin family can serve as a model system to study combinatorial gene shuffling as an adaptive process in host-pathogen interactions. The frequent occurrence of S-fimbria-encoding operons in different extraintestinal E. coli strains implies that they are located on a pathogenicity island which may have been acquired by horizontal gene transfer. The localization of other fimbrial adhesin determinants on pathogenicity islands of extraintestinal E. coli, i.e., those coding for members of the P-adhesin family, has been shown before (12, 24, 58) .
The sequence analysis of the cosmid clone pANN1E6 proved that the sfa I determinant of E. coli strain 536 is located on a pathogenicity island which has been designated PAI III 536 before (23) . Although PAI III 536 has not been completely characterized, the known sequences exhibit several characteristics which are typical of pathogenicity islands. PAI III 536 is integrated at the tRNA gene thrW into the bacterial chromosome. tRNA genes frequently serve as chromosomal integration sites for bacteriophages. From our point of view, the fact that PAIs may have originated from temperate bacteriophages which have been "immobilized" within the chromosome is also reflected by the presence of mobility genes coding for integrases or transposases of mobile genetic elements on these PAIs (23) . In the case of PAI III 536 , the tRNA gene thrW is immediately followed by an attachment site for different bacteriophages, including P22 and DLP12, and the complete integrase and excisionase gene of the O-antigen-converting bacteriophage X of Shigella flexneri. The attP sites of S. flexneri bacteriophage X and other serotype-converting Shigella phages are identical to the core attP sequence of P22 and DLP12. Additionally, the proteins encoded by the integrase genes of the O-antigen-converting Shigella phages are very similar to the corresponding proteins of P22 and DLP12 (2) . The presence of sequences at the right junction site of PAI III 536 with homology to integrase gene fragments of the Shigella O-antigen-converting bacteriophages SfII and SfV or to that of P22 demonstrates that this pathogenicity island may originally have evolved from integrated Shigella bacteriophages. Additionally, three regions with homology to IS elements (IS100, I3S, IS4, and iso-IS1) are located on PAI III 536 , thereby increasing the number of mobility genes on this pathogenicity island. Whereas the sequence of the IS100 element found on PAI III 536 is identical to those frequently found on Yersinia pestis and EPEC plasmids (37, 59 ) the IS3 element on PAI III 536 is highly homologous to a nonfunctional IS3 element found on S. flexneri pathogenicity island SHI-2 (61) . These data underline the frequent presence of horizontally acquired genetic elements within pathogenicity islands.
Another typical feature of PAIs is the presence of unidentified ORFs. On PAI III 536 , there are two regions which show (7) 7 (100) 7 (100) 7 (100) 7 (100) 7 (100) Fecal (19) 0 ( no homology to known DNA sequences but which contain ORFs that, after translation, encode proteins with similarity to hypothetical proteins of other bacterial species or plasmidencoded proteins. Whether these ORFs are actually functional will have to be investigated in the future. Determinants coding for siderophore systems are frequently located on pathogenicity islands (55, 61, 63) . The iroBCDEN operon, which is homologous to the iro gene cluster of Salmonella species, has been detected downstream of the sfa I determinant on PAI III 536 . In E. coli, the siderophore which is recognized by IroN is unknown, as is the function of the other genes of this operon. iroN and parts of the accompanying iroE and iroD genes have recently been demonstrated to be induced in extraintestinal E. coli isolate CP9 upon incubation in urine. Interestingly, it has been shown that the iroN gene of strain CP9 is preceded by a fragment of an IS element and by DNA sequences with homology to the prs or foc gene cluster (52) . These data support our findings that the iro genes are associated with determinants coding for members of the S-adhesin family of E. coli.
The comparison of the flanking regions of S-fimbrial gene clusters in several extraintestinal E. coli isolates shows that indeed a colocalization of the corresponding determinants and common flanking regions exists. Interestingly, differences between the upstream regions of the different fimbrial determinants can be seen. The upstream region of the sfa II determinant seems to be different from that of the other determinants coding for members of the S-family of adhesins. Our results demonstrate that all determinants coding for the different members of the S-adhesin family are associated with iro genes and, with the exception of the sfa II genes, are localized in a common sequence context. This may be indicative of their localization within a common pathogenicity island or of their former acquisition within a block of commonly transferable DNA. Our results contradict the recently published finding that the iroN E. coli sequences are not strictly associated with operons coding for adhesins of the S-family (28) . Furthermore, the iro-encoded siderophore system seems to be characteristic of fecal and extraintestinal E. coli isolates.
Mobile genetic elements such as plasmids, bacteriophages, and pathogenicity islands belong to a group of genomic additions that contribute in particular to the evolution of bacterial pathogens and to the evolution of bacterial species in general (18) . The increasing number of genetic elements with structural similarities to pathogenicity islands in nonpathogenic bacteria led to an extension of the pathogenicity island concept to the so-called concept of genomic islands (21, 22) . In recent years, much attention has been paid to the detection and characterization of pathogenicity islands and other horizontally acquired DNA fragments that have been added to the former core chromosome and confer pathogenicity or fitness on certain bacterial strains (29, 35) . Few examples of deletions of large DNA fragments from the chromosome have been reported with respect to their impact on virulence properties (20, 31, 38) . In most cases, these unstable DNA fragments turned out to be pathogenicity islands. The comparison of the size of the completely sequenced chromosome of E. coli strain MG1655 (4,639 kb) (10) with estimates of the genome sizes of natural E. coli isolates (ranging from 4.5 to 5.52 kb) shows that substantial differences in genome size exist among various E. coli strains (8, 9) . The analysis of type-specific genome size differences among different E. coli pathotypes and E. coli MG1655 by macrorestriction demonstrated that not only the addition of DNA fragments to but also the deletion of chromosomal regions from the chromosome contribute to different genome sizes in comparison to E. coli MG1655 and consequently to different phenotypes or pathotypes (51) . We identified a region of the E. coli MG1655 chromosome which is specific for E. coli K-12 strains (Fig. 1B, Table 3 ). This DNA fragment covers approximately 40 kb downstream of the thrW tRNA gene in strain MG1655 and is not present in this form in several extraintestinal E. coli isolates as well as in representatives of all four subgroups of the ECOR strain collection, including the A subgroup, which also includes E. coli strain K-12.
This 40-kb E. coli K-12-specific DNA region downstream of the tRNA-encoding gene thrW (b0245 to b0286) exhibits a GC content of 54%, contains several repeat elements as well as IS elements or at least parts of them (IS911A, IS30, IS5, IS1, and IS30), and consists mainly of genes whose gene products are hypothetical proteins. The presence of many mobile genetic elements in this region could explain the loss of the 40-kb fragment in many E. coli strains due to high recombinational activity in this DNA region. The central part of this region contains the argF gene, flanked by IS1 elements. This structure, only present in E. coli K-12 strains, together with the high argF GC content (59%), argues for its acquisition by horizontal gene transfer (60, 62) . Interestingly, a 53-kb deletion compared to E. coli MG1655 has been identified in uropathogenic E. coli strain J96 in the vicinity of the foc determinant (51) . On the other hand, the fact that the presence of this region is restricted to E. coli K-12 strains and the occurrence of several mobility genes are features which are characteristic of genomic islands. Therefore, this E. coli K-12-specific DNA fragment could represent a genomic island. Our study presents for the first time in detail the occurrence of an E. coli K-12-specific DNA region and improves our knowledge on the genome variability of E. coli strains.
